Document made available under the 
Patent Cooperation Treaty (PCT) 



International application number: PCT/NO04/000395 
International filing date: 17 December 2004 (17.12.2004) 



Document type: Certified copy of priority document 

Document details: Country/Office: NO 

Number: 20035748 

Filing date: 19 December 2003 (19.12.2003) 



Date of receipt at the International Bureau: 21 February 2005 (21.02.2005) 



Remark: Priority document submitted or transmitted to the International Bureau in 

compliance with Rule 17.1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 




PCT/NO o 4 t 





KONGERIKET 

The Kingdom of Norway 





Bekreftelse pa patents0knad nr 

Certification of patent application no 



V 




t> Det bekreftes herved at vedheftede 
dokurnent er n0yaktig utskrift/kopi av 
ovennevnte s0knad, som opprinnelig inngitt 
2003.12.19 



O* It is hereby certified that the annexed 
document is a true copy of the above- 
mentioned application, as originally filed 
on 2003 ,12. 19 



2005.02.03 



Line Reum 
Saksbehandler 



i 



J.9/12 2003 14:53 FAX -47 23186019 



AMERSHMi HEALTH 

+*7 23 1 B60 1 9 




-» PATENTS! YRET ©002/029 

mm -i2- is-; ... ■■. • fc> 

■ 

www.patentstyret.'nO' •.. ' , , 



Ferdig utfylt skjema sendes til adresaen nedenfor. Vennligst ikke heft sammen sidene. 
Vi ber om at blankettene utfylles msskinelteUer ved bruk av btokkbokstaver, Skjema for 
utfylling p& dataroaskin kan lastos ned fra www.patentatyret.no. 



. loir 




— 1IM f-^-^T— — ; ■ ... . ' . • . . ., . 1 -■'> - yj-ir^rr-:-,- / "^r^n^T"!*" " V,:,' • ] ':'!i'f,\ . > .>».;•■ • .; : '|:<ir *. •» •^v:^ 1 ^.» ! ;i/^ l P; i hl;l'"l } s«iii.Tvi. I' 

^ • ! S 0kgr , ; . " . r ,1 ! . P.en-sbrn- S0^er:6m ipment^jlir- gjgfeg^^ jrart i ghafcMa llyjte^ujfi^; " ^ .V: XUiil -fog * l!i2£bl! C-' ! '• liL^&Ji 



E 



Amersham Heaidi AS 

[gj Kryss bv hvis s0Kertidii99r© har veeit kunde hos Pats msty ret. 



Nycoveien I - 



2 



Mm* mghiQ j jJN 200 

.•PATENT ST YRET 

Oppgi gjerne kundenummen 

03-12-19*20035748 



Fostboks 4220 Nydalen 
0401 



Oslo 



LopcJ' 

Norge 

□ Kryss av hvis s0ker(ne) utf0rer mindre □ Kryss av hvis det ar vadlagt erklwrinQ-om at 



□ Kryss av hvis flere severe er angitt I 

medf0lgende skjema e!Jer pa egat ark. enn 20 arsverk (se veiledning). patems0ker(na) Innehsr rector* til oppfinnelaan. 

Etternavn: 

Wulff 



Fo^?vn td kon:akioerson for i-jlsmakuq e( l ei nnkw 

Marianne W, 



"ffi Telefon: 

Rafflranae 'mp*<s. 30 lean) 

PNG399-NO 



2 3 1 8 5 5 4 2 



Amersham Health AS 

Vycoveicn 1-2, Posr.boks 4220 Nydalen 



0401 



Oslo 



Land: 

Norge 



■ i. 1.!. . .1. . . ..- - 1 , UIU.,|E|II1J lHHm l^ll . ■ — k >l.i . .MI PHJWLU )XI II »| l »l'i J I I I I I I ■ ■ ■■ |MLM»H I I — mm,** — ~m „ m < l H . I > p.. « i WIM tri lWWlH > "O l l.ll i . lJfc . l l ■>M.^yat J P ^ P f ' " — •— ' ■« 

Fo'euikfita r-avn (*omc?vn hvis 'uliniskbg sr per«.n.-ii*. Iz'ttarnavn (Hvi? fullrnejkiig er person}- 

Amersham Health AS 

B Kryss av hvistuilme^ig tidiigarG har vaen kunde hps Pate ntsty ret. Oppgi gjerne kundsmimmer: 

Nycoveien 1-2 



Postboks 4220 Nydalen 

Land: 

Norge 



0401 



Oslo 



^ Oppfinnei'- 



C jjji' fir* ae»'e nr. *c rr '? : 

Jo 

□ Kryse av hvis oppfinner tidHgsre bar vasrr ktmde hos Pavents^yrar. 

Midc&sen 5 



Eue:rnavn' 
Klaveness 

Oppgi gjerne kundenurnrner: 



^4 



< 

co i 



LU 

fJJ 

CO 

..LU 

cc 

, LuJLrar 



U.) 

cc 

ILl 



a. 



rx: 



cc 

UJ 
t 

a 



CJ3 

Ci 
UJ 

Gj 



Postn'jm»T:<3r: 

1166 



Posfcced 

Oslo 



Land: 
Norge 



Krysa av hvis fiera oppflnnere erangitt I rnsdf0lgende skjema eller p& ©get ark. 



r 



T 



^ Paslboks 6160 Dep. 
Kjabenhavngaten 1 0 
0033 Oslo 



Tele pom 
*> 22 36 73 00 

TSLSPAKS 

^ 22 38 73 01 



Bankgiro 

► 8276.01,0019?. 
Organisasjonsnr. 

► 97162S157MVA 




PATENTSTYRET 

Styret for det industrtelte Wtsvarn 



<3> 



19/12 2003 14:53 FAX -M7 23180019 



AMERSHM1 HEALTH 



-» PATENTSTYRET 



121003/029 



t a i y i 1 >jh 1 Q 



,,. s0knad om patent 



www. pate ntstyret . ra o 




Optical Imaging of vulnerable atherosclerotic plaque 
Optisk avbildning av sarbar axteriosklerose 



Cj^i^^i. r r ^_^^_i_jj M j w j *^p"i jTnrtrTTtfTfri — _r .- rj j_i tliiEyBri P^TT^ — — — j 1 ■ - - ^TUT^nn^y*^—— | f--y — j — , - - - ■ — — 1 ^^^v^BH^^^wn^pw^v^r-vwp»v*«MM*MM>^^^aaw«B^H Lf ■ ■ * ■ ■■■■ ■ v^w^^^hh^vw^bv ^v^m > « ■ ij ■ w ■ ■ ™ — ■ ™ ■ ■ ■ ■ m m " ■ » - - — — 1 — -v- — — j ^ r ^ - - - « * — 

«Sf ' PCX--/.. : - : *, //\fyjWs'Sare4i hylfrflj^^ 

PCT~3<3knaaens da to 03 nummsr: PCT / 



o 
< 



iMiMctUllVI 



Ftf&ritet k?eva»s p& grurmlsg tsdligere mnlavert saknad i Norgs e!Ser utlandet; 

'nnoivels^sPMc [AAfl6.rrini.cJdJ: 

Opplysninger om tidiigera seknad, Veci fere 
krsv ska) tidl.gsie prioritet angis hen 

□ p !ere prio r itetskrav or angitt i rnedfdgonde skjema, elief pS egei srk. 



LandkQrfe: Saknacfsnummef; 



1 1 1 1 f in 1 11 i n ir > 1 1 n ii m rm^'wiii ■ ■ 1 ■ ■ ■ t m 1 1 1 11 1 1 ■ n n ii i iii Mipinn i i i . i i > ■ i nm i> h i nm ■ i urn* ihbmihiiiih»h iih i i hi i i n ■ imit 1 1 n 1 1 m i j i i i i w ym ijw 

0? ' Mjferb drgan%ie;i/ *yifes,ba^ 

^ 11 I M 11-rrH rt N -i-r 1 t iri. J . m i ir.rMPfn n Ti f in ■ ii - nmnl i" k 1 ii l n ^ im iWj l p ■■ i ' i 1 u T f i li ■■ -| ~ n"! " ■ -~ ' -|TT|— ' " k ~ ''^ — ~| | - -* - - - — ^^^^^ >, . .. 



S©knad©^ omfat?.®r era kwltur ev smikroorganisma. Oeponeiing39ted og nummer ma oppgis: 

Prove sv kulturen ska! bare utlavarss ijl 



□ 



en sssrllg sskkynciig. 



* M1 ~ t """ 1 " 1 11 * ii i i ■ ■ bow i F f 1 1 * ■ — --- -*- « • ■ " ■■■ n n-rir il Tf ■ i ' i - i-nn- i r- ■ - m , \ -\ " / ■> ^ o l l i i i * ■ i 1* i i \ ■ i ti It wi rtiraf— — pU«l n'mn^ iw i ■ i ■ ci-m - n i * rfc t > -nrr^-t -i i ■ifi ^ i r*^wiVr - , Trg"TTr 1 1 — i — — i ^'■■f * i * *■ i ■ ■ IT*' i _i'iiLJ Id'hI p V. M 



Z8 



□ Utskilt soknad 



inforrnesjon om opprimeHg 
ssk'nad/innsendt r'lleggsmsteriale 



mw " i ■ w. ""I '"*", , 1 ]," »■ ,"' ■ " " ■ f ■ i ■ , .. . ■_ ... .. ... ... , t ■ rl r ra r - i i n i n , I, , i r ,, n,, m .i,i — | 



Sraknaden ogs§ levert per i^iefeks. 



1Z3 Jeg her bedt om forundersekalse. 



Oppgi d&to (a55S.mm.dd); 
Oppgl nr (Srsrail - numme- - boktstav}: 



2 0 0 3 1 2 1 9 



— » — ~ — ■ — — — r^wrr^-r* — ■ ^ I I I • j I ■ - - ■ 1 - a T I |M I ) I > ~' • I I < I I j ~ - - i n j i ii j i 1 - -I ■ I ■ I i^ liTnifltm i |H NI m l i lij > I J 1 1 | r - U " V^- - — t'i i" 1 ~ " 1-1 



Q Eventual^ T.8gn ; nger ! w eksemplarer 

[3 Beskrivebe av opp^innelsen i to sksornpWar 



Oppgl antail tegningen 



Patemkrav I to eksempSa:"O f ' 

□ Sam mend fag norsk j to eksemplarer 

□ Dokumentsslon av evenwelle priori tetskrav (prioriTelsbevis) 



® FulimaktsdokumenUerj 

□ OverdragelsQsdokumantfer) 

□ Erklsering om retren til oppfirmelsen 



Q Ovarseitelss 3v internasjonal ssknad i to ©ksemplarer {kun hvis PCT-fe ! t over er fylt ut) 



^~ • n i r . . - . — — -— HT i i - - m i i -r~ — . ^ - l f - [1 T r ... - , --, | , p | , , J P , , i ii ■■■b ■■■■i. n<UTii i M m m ii ■! i . w% . j i i" i i i r - i nrimi i "-! m i i> ^t - i nrnin w hi i , ; ■ j n « i 



Sisnatur; 



Stsd og euro (D'okkbokstsv^rt: 

19. desember 2003 
Marianne W. Wulff 

MB\ Ssknadsavgiftsn vi! bK fakwert for ails aeknader (civ^. at ?gknadsavgifien ikke 3kal felg© seiknaden) 
Betaiingafrist er ca. 1 m£ned, se fektur^. 



H 




PATENTSTYRET 

Styr^t for det Jr»dustfia lie rsutsvam 



19/12 2003 14; 5.3 FAX -47 23186019 



AMERSHMi HEALTH 

-66019 



-> P ATENT STY RET 



£004/029 



Vedleggsskjema: 









: » * :•»■ V 4 " M *•* . •»»": 


www, p a te n tst yr et . ft © 




v «. >. • .., v, - «... • 




:. J . . * „ » 






Dette skjemaet benyttes sorn vedlegg til patents0knaden for s oppgt flere oppfinnere, NB! <Si hver oppfinner et 
Personen oppgitt pa s0knadsskjernaet vil alltid blf registrert som nr. 01. F0rste angivelse pa dette skjema 
vil vaare oppfinnsr 02, Skjema for utfylling pa dararnaskio kan lastes ned fra www.patentstyret.no. 



' ''Referajrvse/i, : '-^Blenfatfe^ 
PN0399-NO 




TTT.1f.Tur rmJ-LU iPw. „- . _.. f r__i- _ u_.«nmi'H t i i mW l M <ii p. | | |i ni ' )ii,"J i ' . i ■ ji » hh^mh- .., i 1 1 1 V i iftTf^L r |1 ll. I - 1 ~l " i ~ " 1 ~ l" ~"~ "' — T >■ , ■ ^ ■f n lWir# »AJi ' ,j — i ' ■> » ■ i n ■ ■■■*>. m ■ , i « ■ iw^^^^um' W W f p»wiw- 

' * I . ■_ j . . . . . > . . , , . » -------- mi ^ . — ■ ■ ■ i ■ ■ ■ - — - ii I ii ■ ii linn iii i ■ I I I ' ii I I ip I ■ I i 



Bdvin 

□ Oppfinner har lidligara v^rt kunde hos Putentstyret. 

Ainershani Health AS 

Nycoveien 1-2, Postboks 4220 Nydalen 



Johannesen 

Oppgi gjorns kundenummer: 



0401 



Oslo 



Land: 
Norge 



■*»*-»■>— - ■ ■ *■ iin ■■ n» »m>AM»<H* " ■» H i w r" w ■ i i « « h V"! -rtfMfTTI — I IT i i i i - i i i i r mi — i— ■ m>< ^ ^"fl* ii ' I ■ "*~ A ' — ' ' it iur ifi ■— W *HT T~i * i i i - 1 V r n r* — n I tfi 1 1 i Hi i iib— T ~ ' r i i ' * * - - - - il i l Tin ■■ ■■■rTHT»ti>T" r i — r i r i i ■ ' ' 



For own mellomnavn: 

Heige 

CJ Oppfinner har tidllser© V2©n kunde hos Patenlstyrot. 

Arnersham Health AS 

Nycoveien 1-2, Postboks 4220 Nydalen 



Ftrsrnsvn; 

Tolleshaug 

OppQl gjeme kundenummer: 



0401 



Oslo 



! .and: 

Norge 



' Opp.fi imet ne: 



fomavn eg mellomnavn 



Euernavn; 



a. 

o 

LU 



LJ Oppfinner her ;idiigera v^rt kunda hos PaientstyraT. 
Acirepsa: 



OppQJ gjeme kundenurnmer: 



Posts :ed 



Lfend; 




o 



ppf i;nh8si : or: : " 

W<l 1 1 I m ^t^l tTl I IT I I I J M tf '* 



Fornavn oq srieliomnavn; 



EUcmavn; 



CD Oppfinner ha?' tidligere vasn kunde hos Pesentstyret. 
Aciresse. 



Oppgi gjeme kundenummer; 



Pcsfnumm^r' 



Po?tsted: 



Land: 



NBI Ved behov for mer pi3ss bdnyues f!er© skjema eller eget ark. 




Pate ntst yr et * 

Styreit for det industpteM© rettsvsrn 



19/12 ZOO 3 14:54 FAX +4? 23186019 AMERSHMl HEALTH -4 PATEN'TSTYRET ©008/029 

-47 23-36019 a .PATE NTSTYR ET 

6 03-12-19*20035748 



, 1 



Optical imaging of vulnerable atherosclerotic plaque 

<*. 

^ Field of the invention 

The present invention provides contrast agents for optica! imaging of vulnerable 
5 atherosclerotic plaque in patients. The contrast agents may be used in diagnosis of 
vulnerable atherosclerotic plaque, for follow up of progress in disease development, 
and for follow up of treatment of vulnerable atherosclerotic plaque. 

The present invention also provides new methods of optical imaging of vulnerable 
1 0 atherosclerotic plaque in patients, for diagnosis and for follow up of disease 
development and treatment of vulnerable atherosclerotic plaque. 

Description of related art 

Cardiovascular diseases kill about 15 million people in the world each year. Several 
1 5 of these die suddenly of a first myocardial infarction or cardiac arrest without any 
symptoms or diagnosis of coronary artery disease. Very many of these sudden 
* deaths are caused by unstable or vulnerable plaque that suddenly blocks blood flow 

in critical arteries in the brain, the lungs or the heart, The rupture of vulnerable 
* plaques contributes to about 75% of ail myocardial infarctions and strokes. There is 

20 today not any genera! diagnostic method available for detection or characterisation of 
such plaques, but several methods have been suggested in the prior art. These 
vulnerable plaques consist of a lipid core (free and esterified cholesterol), 
macrophages, collagen and other matrix proteins. 

25 Several methods have been suggested for detection of vulnerable atherosclerotic 
plaque. Some of these are drawn to techniques based on measurement of 
temperature. See e.g. US 6 7 6 1 5,071 (The University of Texas) which suggests to 
detect vulnerable atherosclerotic plaque based on identification of regions with 
elevated temperature. US 6,579,243 (SciMed Life Systems) describes a catheter with 

30 thermal sensor for detection of vulnerable plaque. 

h Other methods are directed to in vitro diagnosis based on samples from a patient. 

See e.g. US 6,524,795 (interleukin Genetics) which relates to diagnosis of plaque 
based on a nucleic sample from the patient and detection of IL-1 genotype patterns. 



35 
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US 6,375,925 (University of California) suggests non-invasive imaging of 
atherosclerotic plaque using labelled monoclonal antibodies which bind oxidation 
specific epitropes like oxidized LDL> 

5 Further methods have been described using different diagnostic imaging modalities, 
but without use of a contrast agent See e.g. US 6,262,575 (Siemens) which 
describes a method of MR imaging of plaque identifying fat. No contrast agents are 
involved. US 5,217,456 (PDT Cardiovascular) describes a method to differentiate 
healthy tissue from atherosclerotic plaque based on fluorescence signals. This is an 

10 intravascular optical imaging method without use of contrast agents. 

Further methods have been described using light for detection of atherosclerotic 
plaque without use of any contrast agents. US 5,275,594 (C.R. Bard) describes a 
method to distinguish between atherosclerotic plaque and normal tissue by analysing 
15 photoemisslons from a target site. US 5,197,470 (Eastman Kodak) describes a 
method and instrument using near IR to discriminate between healthy tissue and 
diseased tissue. The method might be used for diagnosis of plaque, US 5,046,501 
(Wayne State University) describes a method of identifying atherosclerotic plaque 
versus viable tissue using light with wavelength between 350 and 390 nrn. 



Methods directed to in vivo imaging using radiolabeled contrast agents have been 
described. See e.g, US 5,976,496 (Diatide) describes labelled somatostatin analogs 
for imaging cardiovascular disease. The core of the invention is radio-labelled 
compounds. Fluorescent labelling is mentioned, US 5,026,537 (Centocor) describes 
25 a method for imaging of atherosclerotic plaque using radio-labelled monoclonal 
antibodies that are specific for activated platelets or activated endothelial cells. 

Vulnerable atherosclerotic plaque is still a challenge to diagnose and treat There is 
still need for improved diagnostic methods, especially for diagnosis of vulnerable 
30 atherosclerotic plaque in an early stage with good reliability. We have surprisingly 
discovered that the use of optical imaging methods with new contrast agents fulfil 
these requirements. 

Summary of the invention 
35 The present invention provides an optical imaging contrast agent with affinity for an 
abnormally expressed biological target associated with vulnerable atherosclerotic 
plaque- 
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The invention is also described in the claims. 



The following definitions will be used throughout the document: 

5 

Vulnerable atherosclerotic plaque tissue: A deposit in the wall of a blood vessel that 
may become unstable and susceptible to rupture or fissure, thus precipitating 
thrombosis, particularly an acute coronary condition. Factors that contribute to risk of 
% m^a^ include an inflamed, thin or fissured cap, and a large lipid core. Plaques at 

10 risk of erosive thrombosis commonly have an irregular or denuded inflamed lumen. 

Abnormally expressed target: A target that is either overexpressed or downreguiated 
in diseased tissue. 

15 Overexpressed target: A receptor, an enzyme or another molecule or chemical entity 
that is present in a higher amount in diseased tissue than in normal tissue. 

Downreguiated target* A receptor, an enzyme or another molecuie or chemical entity 
that is present in a lower amount in diseased tissue than in normal tissue. 

20 

Detailed description of the srwention 

A first aspect of the present invention is an optical imaging contrast agent for imaging 
of vulnerable atherosclerotic plaque. By the term optical imaging contrast, or just 
contrast agent, we mean a molecular moiety used for enhancement of image 
25 contrast in vivo comprising at least one moiety that interacts with light in the 
ultraviolet, visible or near-infrared part of the electromagnetic spectrum. 

The contrast agent has affinity for an abnormally expressed target associated with 
vulnerable atherosclerotic plaque. That is, the contrast agent has affinity for a target 
30 that is either downreguiated or overexpressed in vulnerable atherosclerotic plaque 
tissue . 

Vulnerable atherosclerotic plaque tissue containing a downreguiated target can be 
identified by a low amount of bound imaging agent compared to normal tissue. In this 
35 situation, the amount of imaging agent should be less than 50 % of that in normal 
tissue, preferably less than 10 %, 
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Preferred contrast agents according to the invention, have affinity for an 
overexpressed target associated with vulnerable atherosclerotic plaque, Preferred 
targets are those targets that are more than 50 % more abundant in vulnerable 
atherosclerotic plaque tissue than in surrounding tissue. More preferred targets are 
those targets that are more than two times more abundant in vulnerable 
atherosclerotic plaque tissue than in surrounding tissue. The most preferred targets 
are those targets that are more than 5 times more abundant in vulnerable 
atherosclerotic plaque tissue than in surrounding tissue. 



©011/029 



10 Relevant groups of targets are receptors, enzymes, nucleic acids, proteins, lipids, 
other macromolecules like for example lipoproteins and glycoproteins. The targets 
may be located in the vascular system, in the extracellular space, associated with ceil 
membranes or located intracellular^, 
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15 Preferred groups of targets are adhesion proteins and related molecules, enzymes, 
extracellular matrix proteins and glycans, hormones, cytokines and complement 
components and receptors and components of signal-transducing pathways 
associated with vulnerable atherosclerotic plaque. 

20 The following biological targets are abnormally expressed in vulnerable 
atherosclerotic plaque tissue and are preferred target for optical imaging: 



25 



Adhesion proteins and related molecules: 

a M p 2 (CD11b/cd18) integrin, S1 integrins, E-selectin, P-selectin, VCAM-1, ICAM-1, 

gaiectin-3. 



30 



Enzymes: 

Matrix metal ioproteinase 9, elastases, coliagenases, cathepsin 3, myeloperoxidase, 
urokinase, urokinase receptor, MDCs alias ADAMs, inducible nitric oxide synthase 
(iNOS), enzymes related to phospoiipid oxidation. 



ExtraceiSuSar matrix proteins and glycans: 

Fibrillin, elastin, collagens (particularly Types I, III and IV), hyaiuronan, fibronektin. 



35 Hormones; 



PDGF, IGF-!, endothelin. 
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Immune system: Cytokines, complement components etc.: 

C-reactive protein, IL-1, IL-6, MCP-1, TNF-a, MCSF, GMCSF, IFN-y. CD40, CD40L, 

IL-1|5. 



4H 



5 Receptors and components ©f ssgnal-transducing pathways: 

Heterotrimeric G proteins, tyrosine kinases, MAP kinases, CD44, Toll-like receptors 
1, 2 and 4, scavenger receptors (e.g., SR-A, SR-B1, CD36, LOX), CD32 alias FcyliR, 
CCR-2, CD4 f CDS, angiotensin it receptors, 

10 Others: 

ABCA1. GP llb/llla, Oxidized LDl, adducts of nonenal and other oxidation products, 
o. 1~palmitoyl-2-(5-oxovaierqyl)-giycero-3-phosphocholine f 1-pa!mitoyi~2-(5- 

oxononanoyQ-glycero-3-phosphocholine and analogous oxidized phospholipids 
* (particularly those that incorporate an a ^-unsaturated moiety, 

15 

The following targets are more preferred targets for optical imaging of vulnerable 
atherosclerotic plaque: matrix metal loproteinases, particularly MMP- 9, toil-like 
receptors, scavenger receptors, oxidized LDL, oxidation products of lipids and their 
adducts with protein, angiotensin si receptors, collagens, elasiases, selecting, 
20 cathepsins and urokinase. 

Generally, any targets that have been identified as possible targets for agents for 
treatment of vulnerable atherosclerotic plaque are potential targets also in optical 
imaging. 

The preferred contrast agents of the present invention are moiecules with relatively 
low molecular weights.. The molecular weight of preferred contrast agents is below 
10000 Daltons, more preferably below 7000 Daltons, 

30 The contrast agents are preferably comprised of a vector that has affinity for an 
abnormally expressed target in vulnerable atherosclerotic plaque tissue, and an 
optical reporter, 



25 



35 



Thus viewed from one aspect the present invention provides a contrast agent of 
formula I: 

V-L-R (I) 
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wherein V is one or more vector moieties having affinity for one or more abnormally 
* * expressed target in vulnerable atherosclerotic plaque tissue, L is a linker moiety or a 

bond and R is one or more reporter moieties detectable in optical imaging. 



5 The vector has the ability to direct the contrast agent to a region of vulnerable 
atherosclerotic plaque. The vector has affinity for the abnormally expressed target 
and preferably binds to the target. The reporter must be detectable in an optical 
imaging procedure and the linker must couple vector to reporter, at least until the 
reporter has been delivered to the region of vulnerable atherosclerotic plaque and 
10 preferably until the imaging procedure has been completed. 

The vector can generally be any type of molecules that have affinity for the 
abnormally expressed target. The molecules should be physiologically acceptable 
and should preferably have a certain degree of stability. The vector can for example 
h 1 5 be selected from the following group of compounds: peptides, 

peptoid/paptidomimeiics, oligonucleotides, oligosaccharides, fat-related compounds, 
like fatty acids, traditional organic drug-like small molecules, synthetic or semi- 
synthetic, and derivativies and mimetics thereof. When the target is an enzyme the 
vector may comprise an inhibitor of the enzyme. The targeting part of the contrast 
20 agent should preferably have a molecular weight of less than 4500 Daltons and more 
preferably less than 2500 Daltons. 

Contrast agents having affinity for more than one abnormally expressed target 
related to the disease is an aspect of the invention. Such contrast agents can 
25 comprise two or more different vectors or molecular subunits that target two or more 
different abnormally expressed targets. 

Another possibility according to the present invention is that the contrast agent 
comprises one vector that is able to bind to more than one abnormally expressed 
30 target in vulnerable atherosclerotic plaque, 

A contrast agent according to the present invention can also comprise more than one 
vector of same chemical composition that bind to the abnormally expressed 
biological target. 



35 



Below are some examples of vectors having affinity for targets associated with 
vulnerable atherosclerotic plaque: 
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Vectors for matrix metalloproteinases: 



Peptide sequence: Cys-GIy-Pro-Leu-Gly-Leu-Leu-Ala-Arg-OH 



SH 



Vy 

o 




E5 4 



Vectors for mapping of tyrosine kinase activity of the epidermal growth factor 
receptor (EGFR): 



H.N 




HOCH 2 CH2" 



10 





MeO 




15 
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Gefitinib (iressa 0 ): 




Vector for urokinase: 




10 R = substituted sulfonic acid amid or alkoxy 



Vector for binding to oxidated phospholipids (hydrazine derivative); 
H 2 M~NH 2 



1 5 Vector for angiotensin: 




N—N 
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A wide variety of linkers can be used. The linker component of the contrast agent is 
at its simplest a bond between the vector and the reporter moieties. In this aspect the 
reporter part of the molecule is directly bound to the vector that binds to the 
abnormally expressed target. More generally however the linker will provide a mono- 
or multi-molecular skeleton covalently or non-covalently linking one or more vectors 
to one or more reporters, e.g. a linear, cyclic, branched or reticulate molecular 
skeleton, or a molecular aggregate, with in-built or pendant groups which bind 
covalently or non-covalently, e.g. coordinatively, with the vector and reporter 
moieties. The linker group can be relatively large in order to build into the contrast 
agent optimal size or optimal shape or simply to improve the binding characteristics 
for the contrast agent to the abnormally expressed target in vulnerable 
atherosclerotic plaque tissue. 

Thus linking of a reporter unit to a desired vector may be achieved by covalent or 
non-covalent means, usually involving interaction with one or more functional groups 
located on the reporter and/or vector. Examples of chemically reactive functional 
groups which may be employed for this purpose include amino, hydroxys 
sulfhydroxyl, car boxy I and carbonyl groups, as well as carbohydrate groups, vicinal 
diois, thtoethers, 2»aminoaicohols, 2-aminothiols, guanidinyi, irnidazolyl and phenolic 
groups. 

The reporter moieties in the contrast agents of the invention may be any moiety 
capable of detection either directly or indirectly in an optical imaging procedure. The 
reporter might be a light scatterer (e.g. a coloured or uncoloured particle), a light 
absorber or a light emitter. More preferably the reporter is a dye such as a 
chromophore or a fluorescent compound. The dye part of the contrast agent can be 
any dye that interacts with light in the electromagnetic spectrum with wavelengths 
from the ultraviolet light to the near-infrared. Preferably the contrast agent of the 
invention has fluorescent properties. 

Preferred organic dye reporters include groups having an extensive delocalised 
electron system, eg. cyanines, merocyanines, indocyanines, phthalocyanines, 
naphthalocyanines, triphenylmethines, porphyrins, pyriliurn dyes, thiapynliup dyes, 
squarylium dyes, croconium dyes, azulenium dyes, indoaniiines, 
benzophenoxazinium dyes, benzothiaphenothiazinium dyes, anthraquinones, 
napthoquinones, indathrenes, phthaloylacridones, trisphenoquinones, azo dyes, 
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intramolecular and interrnolecular charge-transfer dyes and dye complexes, 
tropones, tetrazines, bis(dithio!ene) complexes, bis(benzene-dithioiate) complexes, 
iodoaniline dyes, bi$(S,0-dithiolene) complexes. Fluorescent proteins, such as green 
fluorescent protein (GFP) and modifications of GFP that have different 
5 absorption/emission properties are also useful. Complexes of certain rare earth 
metals (e,g. T europium, samarium, terbium or dysprosium) are used in certain 
contexts, as are fluorescent nanocrystals (quantum dots). 



Particular examples of chromophores which may be used include fluorescein, 
10 sulforhodamine 101 (Texas Red), rhodamine B, rhodamine 6G, rhodamine 19, 
indocyanine green, Cy2, Cy3, Cy3.5, Cy5, Cy5.5, Cy7, Marina Blue, Pacific Blue, 
Oregon Green 488, Oregon Green 514, tetramethylrhodarnine, and Alexa Fluor 350, 
Alexa Fluor 430, Aiexa Fluor 532, Aiexa Fluor 546, Alexa Fluor 555, Alexa Fluor 568, 
Alexa Fluor 594, Aiexa Fluor 633, Alexa Fluor 647, Alexa Fluor 660, Alexa Fluor 680, 
1 6 Alexa Fluor 700, and Alexa Fiuor 750. 

Particularly preferred are dyes which have absorption maxima In the visible or near- 
infrared region, between 400 nm and 3 jim, particularly between 600 and 1300 nrn, 

20 The contrast agents can comprise more than one dye molecular sub-unit. These dye 
sub-units might be similar or different from a chemical point of view. Preferred 
contrast agents have less than 6 dye molecular sub-units. 

Several relevant targets for vulnerable atherosclerotic plaque are enzymes. A 
25 contrast agent for optical imaging of vulnerable atherosclerotic plaque for targeting 
an enzyme can be an enzyme contrast agent substrate that can be transformed to a 
contrast agent product possessing different pharmacokinetic and/or 
pharmacodynamic properties from the contrast agent substrate. This embodiment of 
the invention provides contrast agent substrates having affinity for an abnormally 
30 expressed enzyme, wherein the contrast agent substrate changes pharmacodynamic 
and/or pharmacokinetic properties upon a chemical modification into a contrast agent 
product in a specific enzymatic transformation, and thereby enabling detection of 
areas of disease upon a deviation in the enzyme activity from the normal. Typical 
differences in pharmacodynamic and/or pharmacokinetic properties can be binding 
35 properties to specific tissue, membrane penetration properties, protein binding and 
solubility issues. 
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Alternatively, if the abnormally expressed target for diagnosis of vulnerable 
atherosclerotic plaque is an enzyme, the contrast agent for optical imaging can be a 
dye molecule that directly binds to the enzyme. The contrast agent will have affinity 
for the abnormally expressed enzyme, and this may be used to identify tissue or cells 
5 with increased enzymatic activity. 



Sn a further aspect of the invention the contrast agent changes dye characteristics as 
a result of an enzymatic transformation. For example, a fluorescent dye reporter of 
the contrast agent is quenched (no fluorescence) by associated quencher groups, 
10 until an enzymatic cleavage takes place, separating the dye from the quencher 

groups and resulting in fluorescence at the site of the abnormally expressed enzyme. 

Another aspect of this part of the invention is that the dye may change colour, as e,g. 
a change in absorption and/or emission spectrum, as a result of an enzymatic 
15 transformation. 



20 



!f the abnormally expressed target for diagnosis of vulnerable atherosclerotic plaque 
is a receptor or another non-catalytic target, the contrast agent for optical imaging 
can bind directly to the target and normally not change the dye characteristics, 

The preferred contrast agents of the present invention are soluble in water. This 
means that the preferred contrast agents have a solubility in water at pH 7,4 of at 
least 1 rng/mi. 

25 The contrast agents of the present invention can be identified by random screening, 
for example by testing of affinity for abnormally expressed targets of a library of dye 
labelled compounds either prepared and tested as single compounds or by 
preparation and testing of a mixture of compounds (a combinatorial approach). 
Alternatively, random screening may be used to identify suitable vectors, before 

30 labelling with a reporter 



The contrast agents of the present invention can also be identified by use of 
technology within the field of intelligent drug design, One way to perform this is to use 
computer-based techniques (molecular modelling or other forms of computer-aided 
35 drug design) or use of knowledge about natural and exogenous Hgands (vectors) for 
the abnormally expressed targets. The sources for exogenous ligands can for 
example be the chemical structures of therapeutic molecules for targeting the same 
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target. One typical approach here will be to bind the dye chemical sub-unit to the 
targeting vector so that the binding properties of the vector are not reduced. This can 
be performed by linking the dye at the far end away from the pharmacophore centre 
(the active targeting part of the molecule). 

5 

The contrast agents of the invention are preferably not endogenous substances 
alone. Some endogenous substances, for instance estrogen, have certain 
fluorescent properties in themselves, but they are not likely to be sufficient for use in 
optical imaging. Endogenous substances combined with an optical reporter however, 
10 fail within the contrast agents of the invention. 



•S3 



The contrast agent of the invention are intended for use in optical imaging. Any 
method that forms an image for diagnosis of disease, follow up of disease 
development or for follow up of disease treatment based on interaction with light in 

1 5 the electromagnetic spectrum from ultraviolet to near-infrared radiation fall within the 
term optica! imaging. Optical imaging includes all methods from direct visualisation 
without use of any device and use of devices such as various scopes, catheters and 
optical imaging equipment, for example computer based hardware for tomographic 
presentations. The contrast agents will be useful with optical imaging modalities and 

20 measurement techniques including, but not limited to: luminescence imaging; 

endoscopy; fluorescence endoscopy; optical coherence tomography; transmittance 
imaging; time resolved transmittance imaging; confocal imaging; nonlinear 
microscopy; photoacoustic imaging; acousto-optical imaging; spectroscopy; 
reflectance spectroscopy; interferometry; coherence interferometry; diffuse optical 

25 tomography and fluorescence mediated diffuse optical tomography (continuous 
wave, time domain and frequency domain systems), and measurement of light 
scattering, absorption, polarisation, luminescence, fluorescence lifetime, quantum 
yield, and quenching. 

30 Examples of contrast agent for optica! imaging of vulnerable atherosclerotic plaque 
according to the invention are shown below: 



35 



Contrast agent for mapping of matrix metalloproteinase wherein the vector peptide is 
linked to fluorescein through a linker: 
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Contrast agents for mapping of tyrosine kinase activity of the epidermal growth factor 
5 receptor (EGFR): 
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Contrast agents with affinity for urokinase: 
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FrnocNH 




NBoc 



NHBoc 



NHCONH 




solid phase/particle 



1. 10 % piperidine in DMF 

2. Fmoc-ALA-OH, TBU, HOBt, DMF, DiEA 

3. Dansyi-DSer(0~tBu)OH, TBTU, HOBz, DMF, DIEA 

4. TFAin H2Q (9:1) 



H. 3 C CH 3 




SO. 




The solid phase conjugate is prepared according to S.Y. Tamura et al in Bioorganic & 
Medicinal Chemistry Letters 10.(2000) 983-98 

Contrast agent with affinity for oxidized phospholipids: 




NHjjHNj, (excess) 




10 



4 
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A further embodiment is the use of contrast agents of the invention for optical 
imaging of vulnerable atherosclerotic plaque, that is for diagnosis of vulnerable 
atherosclerotic plaque, for use in follow up the progress in vulnerable atherosclerotic 
5 plaque development or for follow up the treatment of vulnerable atherosclerotic 
plaque. 

In the context of this invention, diagnosis includes screening of selected populations, 
early detection, biopsy guidance, characterisation, staging, grading, therapy efficacy 
10 monitoring, Song-term follow-up of relapse and surgical guidance, 

Still another embodiment .of the invention is a method of optical imaging of vulnerable 
atherosclerotic plaque using the contrast agents as described. 

1 5 Still another embodiment of the invention is a method of optical imaging for diagnosis 
vulnerable atherosclerotic plaque, to follow up the progress of vulnerable 
atherosclerotic plaque development and to follow up the treatment of vulnerable 
atherosclerotic plaque. 

<» 

20 One aspect of these methods is to administer the present contrast agents and follow 
the accumulation and elimination directly visually during surgery. Another aspect of 
these methods is to administer the present contrast agents and perform visual 
diagnosis through a fibre optic catheter. Alternatively, imaging of superficial major 
blood vessels, such as the carotid artery, can be performed non-invasively. 

25 

Still another aspect of the present invention is to administer the present contrast 
agents and perform the image diagnosis using computerized equipment as for 
example a tomograph. 

30 Still another embodiment of the invention is use of a contrast agent as described for 
the manufacture of a diagnostic agent for use in a method of optical imaging of 
vulnerable atherosclerotic plaque involving administration of said diagnostic agent to 
an animate subject and generation of an image of at least part of said body. 

35 Still another embodiment of the invention is pharmaceutical compositions comprising 
one or more contrast agents as described or pharmaceutics lly acceptable salts 
thereof for optical imaging for diagnosis of vulnerable atherosclerotic plaque, for 
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follow up progress of vulnerable atherosclerotic piaque development or for follow up 
the treatment of vulnerable atherosclerotic plaque. The diagnostic agents of the 
present invention may be formulated in conventional pharmaceutical or veterinary 
parenteral administration forms, e.g. suspensions, dispersions, etc., for example in 
5 an aqueous vehicle such as water for injections. Such compositions may further 

contain pharmaceuticaliy acceptable diluents and excipients and formulation aids, for 
example stabilisers, antioxidants, osmolality adjusting agents, buffers, pH adjusting 

» 

agents, etc. The most preferred formulation is a sterile solution for intravascular 
administration or for direct injection into area of interest. Where the agent is 
10 formulated in a ready-to-use form for parenteral administration, the carrier medium is 
preferably isotonic or somewhat hypertonic. 

The dosage of the contrast agent of the invention will depend upon the clinical 
indication, choice of contrast agent and method of administration, In general, 
15 however dosages will be between 1 micro gram and 70 grams and more preferably 
between 10 micro grams and 5 grams for an adult human. 

The present invention is particularly suitable for methods involving parenteral 
administration of the contrast agent, e.g. into the vasculature or directly into an organ 
20 or muscle tissue, intravenous administration being especially preferred. 

The following examples are illustrative only and not intended to be limiting. Other 
features and advantages of the invention will be apparent from the detailed 
description and from the claims. 

25 



k Examples: 

Example 1 B Contrast agent for mapping of matrix metalloproteinase (W!R/!P), 
Synthesis of f luoresce8n-Cys-Giy«Pro-Leu-Gly-Lev-Leu-ASa"Arg-OH linker 
conjugate 

30 

Step 1 

The peptide component was synthesised on an ABI 433A automatic peptide 
synthesiser starting with Fmoo~Arg(Pmc)~-wang resin on a 0.1 mmoi scale using 1 
mmoi amino acid cartridges. The amino acids were pre-activated using HBTU before 
35 coupling. An aliquot of the peptide resin was then transferred to a clean round bottom 
flask an N-methyl morphoiine (1 mmoi) in DMF (5 ml) added followed by chloroacetyl 
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« chloride (1 rnmol). The mixture was gently shaken until Kaiser test negative. The 

resin was extensively washed with DMF. 



10 



Step 2 

5(6)-carboxyfluorescein (188 mg, 0,5 mmol) and dicyclohexylcarbodiimide (113 rng, 
0,55 mrnoi) are dissolved in DMF (20 ml). The mixture is stirred for 2 hours and 
cooled to OX. A solution of hexamethylenediamide (116 mg, 1 mrnoi) and DMAP (30 
mg) in DMF is added and the mixture is stirred at ambient temperature for 72 hours. 
The solution is evaporated and the conjugate between carboxyfluorescein and 
hexamethyiene-amine is isolated as monoamide by chromatography (silica, 
chloroform and methanol). 



Step 3 

The resin from step 1 is suspended in DMF (5 ml) and amide-amine conjugate from 
16 step 2 (0,5 mmol) pre-dissolved in DMF (5ml) containing triethyiamin© (0.5 mrnoi) is 
added. The mixture is heated to 50°C for 16 hours then excess reagents filtered off, 
following extensive washing with DMF, DCM and diethyl ether then air drying. The 
product is treated with TFA containing TiS (5%), HO (5%), and pheno! (2.5%) for 2 
hours, 

20 Excess TFA is removed in vacuo and the peptide is precipitated by the addition of 
diethyl ether. The crude peptide conjugate is purified by preparative HPLC C 01 8, 
acetonitril, TFA, water). 

Example 2, Contrast agent for mapping of tyrosine kinase actSvSty of the 
25 epidermal growth factor. 



Step 1- 4-[(3-bromophenyl)amino]-7-[N-(2-hydroxy-ethyl)-N-methylamino] pyrido [4,3- 
d] pyrimidine is prepared according to A.M. Thomson et a l in J. Med. Chem. (1997) 
40 3915-3925, 



HOCH 2 CH 



30 
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Step 2, 5(6)-carboxyfluorescein (1 mmol), dicyclohexylcarbodiimide (1.2 mmol) and 
h DMAP (50 mg) are dissolved in DMF (30 ml). The mixture is stirred for 24 hours. A 

solution of the aicohol from step 1 (1 mmol) in DMF (5 mi) is added and the mixture is 
stirred for 3 days at ambient temperature. The fluoresoein ester conjugate with the 
5 alcohol vector is isolated by chromatography (silica, hexane/chloroform). 



Exampie 3- Contrast agent with affinity for oxidized phospholipids. 

Fluorescein-o-aorylate (1 mmol) and hydrazine hydrate (10 mmol) are dissolved in 
10 toluene (50 ml). The mixture is stirred for 24 hours at 100 *C, The mixture is 
evaporated and the fluorescein hydrazine conjugate is isolated by flash 
chromatography using silica and methanol/chloroform/hexane. 

Exampie 4. Contrast agent for urokinase. 

15 




The iigand (I) is prepared according to S.Y. Tamura et at in Bioorganic & Medicinal 
20 Chemistry Utters 1QJ2000} 983-987. 

The Iigand (I) (1 mmol) is dissolved in DMF. CY7-NHS ester (1 mmol) is added. The 
mixture is stirred for 5 days. The solvent is evaporated and the Cy-7-conjugate 
isolated by flash chromatography (silica, hexane, ethyl acetate). 




i 
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Claims; 



h 



5 



1. An optical imaging contrast agent with affinity for an abnormally expressed 
biological target associated with vulnerable atherosclerotic plaque, 

2, A contrast agent as claimed in claim 1 with molecular weight be low 10000 Daitons, 



3. A contrast agent as claimed in claim 1 or 2 of formula ! 

V-L-R, (!) 

10 wherein V is one or more vector moieties having affinity for an abnormally expressed 
target in vulnerable atherosclerotic plaque, L is a linker moiety or a bond and R is 
one ore more reporter moieties detectable in optical imaging. 

4, A contrast agent as claimed in any of claims 1 to 3 comprising a contrast agent 
1 5 substrate, wherein the target is an abnormally expressed enzyme, such that the 

contrast agent changes pharmacodynamic properties and/or pharmacokinetic 
properties upon a chemical modification from a contrast agent substrate to a contrast 
agent product upon a specific enzymatic transformation. 

20 5, A contrast agent as claimed in any of claims 1 to 4 having affinity for any of the 
targets selected from matrix metalloproteinases, toll-like receptors, scavenger 
receptors, oxidized LDL, oxidation products of lipids and their adducts with protein, 
angiotensin Si receptors, collagens, elastases, selectins, cathepsins and urokinase. 

25 6. A contrast agent as claimed in any of claims 3 to 5 wherein V is selected from 
peptides, peptoid moieties, oligonucleotides, oligosaccharides, fat-related 
compounds, and traditional organic drug-like small molecules. 

7. A contrast agent as claimed in any of claims 3-6 wherein R is a dye that interacts 
30 with light in the wavelength region from the ultraviolet to the near-infrared part of the 

electromagnetic spectrum. 

8. A pharmaceutical composition for optical imaging for diagnosis of vulnerable 
atherosclerotic plaque, for follow up of progress of vulnerable atherosclerotic plaqu 

35 development or for follow up of treatment of vulnerable atherosclerotic plaque, 

comprising a contrast agent as defined in any of claims 1 to 7 together with at least 
one pharmaceutical^ acceptable carrier or excipient 



e 
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9. Use of a contrast agent as claimed in any of claims 1 to 7 for the manufacture of a 
diagnostic agent for use in a method of optical imaging of vulnerable atherosclerotic 
plaque involving administration of said diagnostic agent to an animate subject and 
generation of an image of at least part of said subject 

10. A method of generating an optical image of an animate subject involving , 
administering a contrast agent to said subject and generating an optica! image of at 
least a part of said subject to which said contrast agent has distributed, characterized 
in that a contrast agent as defined in any of claims 1 to 7 is used, 

11. Method as claimed in claim 10 for diagnosis of vulnerable atherosclerotic plaque, 
for follow up of the progress of vulnerable atherosclerotic plaque development or 
follow up of treatment of vulnerable atherosclerotic plaque using a contrast agent as 
defined in any of claims 1 to 7. 

12. Use of a contrast agent as defined in any of claim 1 to 7 for optical imaging of 
vulnerable atherosclerotic plaque. 
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Abstract 

1 

The invention provides contrast agents for optical imaging of vulnerable 
atherosclerotic plaque in patients. The contrast agents may be used in diagnosis of 
5 vulnerable atherosclerotic plaque, for follow up of progress in disease development, 
and for follow up of treatment of vulnerable atherosclerotic plaque. Further , the 
invention provides methods for optical imaging of vulnerable atherosclerotic plaque in 
patients. 
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